background: Both maternal and paternal factors have been suggested to influence a couple's fecundity. To investigate this, we examined the role of several maternal and paternal lifestyle and socio-demographic factors as determinants of time to pregnancy (TTP) in a Dutch birth-cohort. results: A total of 4778 children were born, and the parents of 2997 children (63%) gave their consent to participate. After excluding unintended pregnancies and pregnancies as a result of fertility treatment, the data of 1924 couples were available for analysis. Hazards ratios and 95% confidence intervals of factors influencing TTP in multivariable Cox regression analysis were: maternal age 1. conclusions: This population-based birth-cohort study performed in fertile couples who had conceived revealed neither maternal nor paternal modifiable lifestyle factors were significantly associated with TTP after adjustment for confounding by socio-demographic factors. In contrast, several non-modifiable maternal socio-demographic factors are significant predictors of a couple's fecundity.
Introduction
Most physicians will counsel a couple planning to conceive by advising both future parents to optimize their lifestyle, to stop smoking, limit the amount of alcohol and follow a healthy diet to optimize the likelihood of conception and to achieve an uncomplicated pregnancy and a healthy child. However, despite extensive research, it is still not well known which maternal and especially paternal lifestyle and socio-demographic factors are predictors of a couple's fecundity. Evidence-based counselling guidelines regarding optimal reproductive health are scarce (PCASRM/SREI, 2008) . Besides, these guidelines usually focus on female factors (Bunting and Boivin, 2010) .
Human fecundity is the biological ability of a couple to conceive (Habbema et al., 2004) and time to pregnancy (TTP) can be considered as a marker for it (Baird et al., 1986) . Increasing age in women is a well-known factor negatively influencing TTP (Baird et al., 2005) . Obesity in women is associated with hormonal disturbances leading to irregularities in cycle length and anovulation, and hence reduced fecundity (Norman and Clark, 1998; Pasquali et al., 2003) . Fecundity is also reduced in obese women with regular menstrual cycles (Gesink Law et al., 2007; Wise et al., 2009; Yilmaz et al., 2009) . With respect to the type of contraceptive used prior to attempting conception contradictory results are reported: some investigators report a delay in conception after stopping oral contraceptives (OC) when compared with barrier methods (Doll et al., 2001; Kaplan et al., 2005) , while others have found that prior use of OC is associated with unchanged or increased fecundity (Farrow et al., 2002; Barnhart and Schreiber, 2009 ). Intoxications such as smoking (Bolumar et al., 1996; Hull et al., 2000) and the consumption of alcohol have been reported to impair female fecundity (Jensen et al., 1998) , but these lifestyle factors are not predictors of TTP (Axmon et al., 2006) . Physical activity can have a positive effect on TTP (Rich-Edwards et al., 2002; Redman, 2006) , but excessive physical activity is associated with an increased risk of infertility (Gudmundsdottir et al., 2009) .
Studies investigating the effect of maternal factors on fecundity often fail to take the effect of paternal factors into account, although paternal factors might influence TTP as well. Increasing paternal age, for example, is related to a decline in male fecundity, even after correction for female age (Mineau and Trussell, 1982; Ford et al., 2000; Dunson et al., 2002; Hassan and Killick, 2003) , and overweight as well as underweight are associated with reduced semen quality (Jensen et al., 2004) . Some investigators report that paternal lifestyle factors such as smoking and the consumption of alcohol have a negative effect on fecundity Hassan and Killick, 2004) , but this is not confirmed by others (Bolumar et al., 1996; Hughes and Brennan, 1996; Jensen et al., 1998) . Socio-demographic factors such as male educational level and the number of working hours have not been investigated as potential primary predictors of TTP before.
In order to optimize counselling guidelines aimed at improving the reproductive health of a couple, we aimed at identifing significant predictors of a couple's fecundity. For this purpose, we investigated the effect of several maternal and paternal lifestyle and socio-demographic factors on TTP.
Materials and Methods
The Groningen Expert Center for Kids with Obesity (GECKO) Drenthe study is a population-based birth-cohort study of children born between April 2006 and April 2007 in Drenthe, one of the northern provinces of The Netherlands. The main research question of the GECKO Drenthe study is focused on the development of weight and body fat distribution in children, and how these parameters are determined by maternal and paternal factors and factors in the child itself (L'Abee et al., 2008) . The study has been approved by the Medical Ethics Committee of the University Medical Center Groningen. The present study is a subanalysis within the GECKO Drenthe study.
All pregnant women in Drenthe with the expected date of delivery between April 2006 and April 2007 were invited by midwives, general practitioners or gynaecologists to participate in the study. After informed consent was obtained, these women were included during the third trimester of their pregnancy or within 6 months after delivery. All women and their male partners received extensive questionnaires on lifestyle and socio-demographic factors covering the period of 6 months prior to conception. The questionnaires included questions about their own birthweight, age at conception, weight, height, previous conception with the current partner (gravidity in the current relation) and which type of contraception was used prior to their attempts to conceive the current pregnancy (categorized as no contraception, condoms, OC, contraceptive injections or an intrauterine device). The women were asked when they stopped using contraception, but further information on the timeframe of the use of birth-control was not collected. They were asked about the regularity and length of their menstrual cycles and if they had delivered prior to this pregnancy. In addition, the women were asked if the current pregnancy was intended and, if so, from which date (month and year) she and her partner had been trying to conceive.
Both partners were individually asked about their smoking habits (how many cigarettes per day) and their consumption of alcohol (how many units of alcohol per week). Furthermore, their use of vitamin supplementation and their level of physically activity was recorded. Physical activity level (defined as at least moderate intensity for 30 min per day) was subdivided into five categories: no activity, less than once weekly, once a week, two or three times per week or four or more times per week.
Both partners were asked about their educational level, paid working hours per week and household income. The educational level was subdivided into three classes: lower education including primary and/or secondary school and/or lower professional school (preparatory vocational education), medium education including medium professional school (intermediate vocational education) and higher education including higher professional school (higher vocational education) and/or university. Paid working hours per week was subdivided into four classes: no paid work, ,16 h per week, 16 -32 h per week or 32 h or more per week. Household income was subdivided into five categories: ,850 euros per month, 850 -1150 euros per month, 1151 -3050 euros per month, 3051 -3500 euros per month or 3501 euros or more per month.
The primary outcome was TTP, which was defined as the interval between the date the couple set out to conceive and the date of conception, measured in months. The date of conception was calculated using the date of birth and the gestational age of the newborn. Couples who had conceived by ovulation induction (OI), intrauterine insemination (IUI), IVF or using donor gametes, and couples who did not provide information regarding TTP (including couples who conceived unintentionally) were excluded from the analyses.
Statistical analysis
Statistical analysis was carried out with Statistical Package for the Social Sciences 16.0 for Windows (SPSS Inc., Chicago, IL, USA). Associations between the investigated factors and TTP were assessed in univariable Cox regression analyses with TTP as the time variable and pregnancy as the outcome. The lifestyle and socio-demographic factors were used as the independent variables. Afterwards, all factors were assessed in multivariable Cox regression analyses with backward stepwise exclusion of factors. At each step, factors with a P-value of .0.10 were excluded. Factors remaining in the final step were considered as predictors of a couple's fecundity. Ties in Cox regression analysis were handled according to Breslow. P-values of ,0.05 were considered statistically significant.
To investigate spousal concordance, which is the degree of similarity within married or cohabitating couples, correlation between the investigated maternal and paternal factors was assessed using Pearson's correlation coefficient for the continuous variables age, BMI and vitamin use and Spearman's rank correlation for the categorical variables. Moreover, statistical interaction between the maternal and paternal factors was explored by including an interaction term of the maternal and paternal factor in the regression analysis. If the effect of the interaction term was below a P-value of 0.10, the interaction term was maintained in the multivariable analysis. If the P-value was higher than 0.10, the interaction term was removed.
Harzard ratios (HR), 95% confidence interval (CI) and P-values are presented. The HR for a continuous variable represents the ratio of the 'hazards' of becoming pregnant, i.e. attaining pregnancy, for two subsequent values of the variable differing by one unit of measurement (Altman, 1991) . For categorical variables, the HR represents the ratio of the hazards for the respective category when compared with the reference category. For dichotomous (yes/no) variables, the reference category was 'no'. For nominal and categorical variables, the category with the highest frequency was considered as the reference category. Comparison of the demographic characteristics between couples with a known TTP and couples with an unknown TTP was done using the Pearson's Chi square test.
Additional sensitivity analyses were performed to estimate the effect of the exclusion of the data of couples who got pregnant unintentionally. Time to pregnancy of unintended pregnancies could not be calculated, but it was assumed that TTP of unintended pregnancies was close to 1 month. Therefore, we repeated the Cox regression analyses including the data of the unintended pregnancies with a TTP value of 1 month.
Results
The number of children born in Drenthe from April 2006 to April 2007 was 4778. The parents of 2997 children (63%) gave their consent to participate in the study. The number of parents of twins was 25. Of 2480 children (there were 25 twins who were counted as one) the mother and/or the father completed the questionnaires (2472 mothers and 2435 fathers). Since 158 couples became pregnant by OI, IUI, IVF or using donor gametes and TTP of 398 couples was unknown (307 couples conceived unintentionally and 91 couples did not remember the time from which they had been trying to conceive), the data of 1924 couples were available for analysis ( Fig. 1) .
Of the couples with a known TTP, the median TTP was 3 months (range: 0-77 months). Of them, 946 couples (49.2%) became pregnant within 3 months and 1688 couples (87.7%) conceived within 1 year. The mean maternal age at conception was 30 years [standard deviation (SD) 4.1 years], the mean paternal age was 33 years (SD 4.6 years). The mean BMI of the women was 25 kg/m 2 (SD 4.7), the mean BMI of the men was 25 kg/m 2 (SD 3.3).
The demographic characteristics of 2480 couples, subdivided into known or unknown TTP, are shown in Table I . Couples whose TTP was unknown, and whose data were not included in the Cox regression analyses, significantly less frequently used contraception prior to conception. Among the female partners, there were significantly more smokers, significantly less women who used vitamin supplementation prior to conception and significantly more women with a lower education. Table II shows the outcome of the univariable Cox regression analyses. Higher female and male age were associated with a longer TTP. Nulliparae had a longer TTP when compared with multiparae. When compared with women with a menstrual cycle length of 4 weeks, women with longer or irregular cycles had a longer TTP.
The type of contraceptive used prior to attempting conception was related to TTP: when compared with couples who had used OC, TTP was shorter in couples who had used an intrauterine device or who had used condoms, while TTP in couples who had not used any contraception prior to their attempts to conceive was longer.
Women with a BMI . 30 kg/m 2 had a longer TTP when compared with women with a BMI of 20 -25 kg/m 2 , although this effect was not significant. A comparable effect was seen in men. Of the 1924 couples, 457 (24%) of the women and 568 (30%) of the men were smokers. Women who smoked tended to have a slightly longer TTP when compared with women who did not smoke. The effects of smoking in men on TTP were comparable to those in women. Women who consumed more than seven units of alcohol per week had a significantly longer TTP when compared with women who consumed between one and seven units of alcohol per week. A similar, but not statistically significant, relation between alcohol consumption and TTP was seen in men.
Women who were higher educated had a shorter TTP when compared with women of lower education. Men with a medium or lower educational level had a longer TTP than men who were higher educated. An association between TTP and working hours was only seen in women: women who worked 32 h or more per week had a significantly longer TTP when compared with women who worked 16 -32 h per week. Associations between TTP and the level of physical activity in both women and men or between TTP and a couple's household income could not be detected.
After including the maternal and paternal factors in a multivariable analysis, maternal age, nulliparity, length and regularity of the menstrual cycle, prior contraception use and maternal educational level maintained a statistically significant influence on TTP and were considered as predictors of TTP (Table III) . Paternal age had a borderline statistically significant influence in this analysis. 
Continued
Correlations between the investigated maternal and paternal factors are shown in Table IV . A strong positive correlation was seen between maternal and paternal age and weak positive correlations existed between maternal and paternal smoking behaviour, educational level and physical activity. Maternal and paternal BMI and vitamin use showed a very weak positive correlation. Maternal and paternal alcohol consumption and number of working hours of both partners were not correlated. Significant interactions between the maternal and paternal factors could not be detected.
The outcome of the additional Cox regression analysis including the data of the couples with unintended pregnancies was similar to the outcome of the main Cox regression analysis: the magnitude and the direction of the HR and the confidence intervals remained the same (data not shown).
Discussion
The present study in a Dutch birth-cohort investigated the effect of several maternal and paternal lifestyle and socio-demographic factors Continued on a couple's fecundity, measured as TTP. The aim of the current study was to investigate fecundity and not fertility, hence couples who failed to conceive were not included. Consequently, our findings are applicable to fertile couples and not to infertile couples. The present study was performed using a retrospective design, which is a useful tool to measure TTP (Joffe et al., 2005) . Retrospective TTP studies are prone to various biases, including recall bias. Since the women in this study were included during the current pregnancy or shortly after delivery, recall bias was probably minimal (Joffe et al., 2005) . Planning bias can arise due to the exclusion of couples with unintended pregnancies since couples who do not plan their pregnancy might not adapt their lifestyle while couples who planned their pregnancy would. This could lead to an artefact in which lifestyle factors such as smoking and alcohol consumption seem to impair fecundity (Weinberg et al., 1994) . In our population, there were differences in the distributions of some variables between the 398 couples with an unknown TTP (including 307 couples who conceived unintentionally) and the 1924 couples with a known TTP. However, the results of the additional analyses in which we included the data of the unintended pregnancies showed a similar outcome as the analysis in which these data were excluded. From this, we conclude that planning bias had limited impact on our results.
A limitation of the current study is that the analyses were performed within an existing cohort study. The questionnaires distributed within the GECKO Drenthe study were aimed at the detection of risk factors of childhood obesity. As a consequence, only a limited set of maternal and paternal factors could be investigated.
There are some results among the demographics of the participants in the GECKO Drenthe study that might appear remarkable. For example, the proportion of unplanned pregnancies within this cohort is low (13% of the spontaneous achieved pregnancies). This is an effect of the widely accepted contraceptive use for family planning in the Netherlands. As a result, the unintended pregnancy rate in the Netherlands is lower than in other Western European countries (Ketting and Visser, 1994; Ketting, 2000) . Furthermore, 12% of the participating women had a menstrual cycle of 3 weeks. This seems rather high, as short menstrual cycles are generally associated with reduced fecundity due to diminished ovarian reserve (Bunting and Boivin, 2010) . As our analyses show that the TTP of these women is comparable to women with a menstrual cycle of 4 weeks, we assume that the question concerning length and regularity of the menstrual cycle was misinterpreted by some participants.
The strength of the present study is that we took lifestyle and sociodemographic factors of both partners into account in a large cohort NA, not applicable; BMI, body mass index; Ref, reference category; OC, oral contraceptives.HR, 95% CI and P-values are presented. The HR represents the change in fecundity when the explanatory factor changes by one unit. For the categorical variables, the HR represents the change in fecundity when compared with the reference category. For dichotomous (yes/no) variables, the reference category is 'no'. For nominal and categorical variables, the category with the highest frequency was considered as the reference category. The investigated factors had a significant effect on TTP when the P-value of ,0.05. size of 2480 couples. The results we found are in concordance with a similar cohort study performed by Axmon et al. (2006) . They found that female biological factors are more important predictors of TTP than lifestyle factors, but they did not investigate and correct for the effect of paternal factors on TTP. Hassan and Killick (2004) did investigate the influence of paternal factors on TTP, but information about the paternal lifestyle was obtained indirectly by interviewing the female partners. The male partners participating in the GECKO Drenthe study were interviewed themselves. Data on the male lifestyle factors reported by the female partner can be used in studies investigating the effect of lifestyle factors on TTP, but the reliability of detailed information regarding the amount of smoking and drinking may be low and underestimated (Passaro et al., 1997) . As expected, increased maternal age was associated with a longer TTP in our study. In females, ageing leads to a decline in oocyte quantity and quality resulting in a decline in female fecundity (Baird et al., 2005) . Increased paternal age was also related to a longer TTP. Our analyses showed that maternal and paternal age were highly correlated, but the effect of paternal age on TTP was maintained after correction for female age. The cause of the decline in fecundity in older men is not well-known: male ageing could lead to a decrease in sperm quality and morphological changes in the testis such as a decline in the number of Leydig and Sertoli cells Dunson et al., 2002) . As coital frequency declines with age in both women and men (Weinstein and Stark, 1994) , it is possible that a decreased coital frequency attributed to the association between increased age and longer TTP. We could not correct for the effect of infrequent or poorly timed intercourse in our analyses, since the investigators of the GECKO Drenthe study avoided intimate questions such as frequency of intercourse in order to optimize the willingness of couples to participate in the study. Parity, the length of the menstrual cycle and prior methods of birth control were significant predictors of a couple's fecundity in the current study. Axmon et al. (2006) found similar results. They argued that, although parity has not been investigated as a primary potential predictor of TTP, this factor is taken into account to correct for a potential confounding effect of it in TTP studies. The negative effect of longer and irregular menstrual cycles could be explained by the fact that TTP is measured in months rather than in cycles, leading to an overestimation of TTP in women with a menstrual cycle longer than 4 weeks (Axmon et al., 2006) . Our study and other studies show that TTP in former OC users is longer than TTP in former condom users (Doll et al., 2001; Kaplan et al., 2005; Axmon et al., 2006) . A biological explanation for this phenomenon is lacking since discontinuation of OC use leads to a rapid recovery of the hypothalamic -pituitary axis and presumably folliculogenesis (Hemrika et al., 1993 ). In the current study, former OC users had a shorter TTP when compared with couples who did not use any contraception. This effect might be due to the exclusion of data of unplanned pregnancies, but analyses in which the unintended pregnancies were taken into account do not support this assumption. Another explanation is self-selection: women who did not use contraception might correctly expected themselves to be less fertile (e.g. women with polycystic ovary syndrome) than women who used contraception prior to their attempts to conceive.
The mean BMI of the women and men in the present cohort was 25 kg/m 2 . In the province of Drenthe 51% of the inhabitants are overweight or obese, a percentage which is above the average of the other provinces of the Netherlands; see http://www.rivm.nl/vtv/ kaartmodules/flash/Overgewicht/atlas.html. We observed that obese women (BMI . 30 kg/m 2 ) as well as obese men had a longer TTP, but that BMI in itself was not a predictor of a couple's fecundity. In a large cohort study performed in the USA, similar results were found (Gesink Law et al., 2007) , although those results were statistically significant. The lack of statistical significance in our analysis might be attributed to the smaller number of participants. Smoking in women and men had a small negative impact on TTP in our cohort. The literature shows that smoking can have adverse effects on TTP (Bolumar et al., 1996) , but the negative effect of smoking on fecundity is most obvious in heavy smokers Hassan and Killick, 2003) . In the current study, only one per cent of the women and seven per cent of the men smoked more than 15 cigarettes per day. As a consequence, we could not confirm nor reject the negative influence of heavy smoking on fecundity.
Women who consumed more than seven units of alcohol per week had almost a 30% longer TTP when compared with women who consumed between one and seven units of alcohol per week. Alcohol consumption in women was not a predictor of a couple's fecundity, possibly due to overlapping effects with socio-demographic factors such as age and maternal educational level on TTP. The negative effect of female alcohol intake on fecundity has been shown in previous studies, although the number of drinks leading to this effect varies between studies. Jensen et al. (1998) found a reduced fecundability in women who had a moderate alcohol intake of five or fewer units per week, while in a large study performed by Juhl et al. (2001) moderate alcohol intake was not associated with a longer TTP. Juhl et al. did find an increased TTP in women who consumed more than 14 alcohol consumptions per week (Juhl et al., 2001) . In our cohort, only six women consumed such an amount of alcohol, so we could not establish an effect of heavy drinking on TTP.
Maternal educational level was a predictor of TTP. Although the influence of education on TTP might not seem clinically meaningful, it is important to take this factor into account as a possible confounder. Joffe and Li (1994) investigated the effect of male and female factors on fertility and they found that the adverse impact of paternal smoking on fertility disappeared after correction for the level of education. Educational level could act as a proxy for factors that we did not investigate such as living conditions and diet leading to a variation in TTP.
While our study showed a favourable effect of a higher level of maternal education on TTP, higher maternal working hours was associated with a longer TTP. An interaction between both factors could not be detected (data not shown). Studies investigating the effect of the number of working hours on TTP are limited. Both Axmon et al. (2006) and Spinelli et al. (1997) did find prolonged TTP in women who worked full time when compared with women who did not work. The number of maternal working hours was, however, not a predictor of TTP (Spinelli et al., 1997; Axmon et al., 2006) , which is in accordance with our results. Other studies mainly focused on the effect of occupational exposures such as heat, pesticides, distress and work load on fecundity rather than on the effect of the number of working hours (Jensen et al., 2006; Bretveld et al., 2008; Burdorf et al., 2010 ). In the current study, information regarding maternal and paternal occupational exposures has not been collected.
In conclusion, this population-based birth-cohort study performed in fertile couples who had conceived revealed that maternal and paternal modifiable lifestyle factors did not have a significant influence on TTP after correction for the influence of socio-demographic factors. In contrast, non-modifiable maternal socio-demographic factors are predictors of a couple's fecundity. Although the number of heavy drinkers and heavy smokers and the number of obese women in the current study may be too small to detect an effect of these lifestyle factors on a couple's fecundity after adjusting for other influences, we do not expect that fertile couples with a lifestyle characterized by moderate smoking and drinking will have a shorter TTP if they optimize their lifestyle.
